Recently, in the development of highly filled rubbers using highly dispersed types of carbon black and silica fillers, the problem of obtaining the required degree of dispersion of fillers, stability of the plastic properties of rubber mixes, and reduction in heat build-up during their preparation and processing is urgent in the tyre industry.
Abroad, these problems are solved by using active processing additives (APAs), for example Struktol (EF-44, A-50P, etc.), comprising zinc salts of saturated and unsaturated higher fatty acids. Similar investigations are being carried out in Russia [1] [2] [3] [4] [5] .
The properties of rubbers as a function of the composition of the vulcanisation activator have been investigated in earlier work [6, 7] . Stearic and oleic acids traditionally used in the tyre industry have been used as vulcanisation activators. Model mixtures of different composition have been prepared on the basis of these acids. It was established that the combination of stearic and oleic acids in a mass ratio of 40:60 has a synergistic effect on the rheological, plastoelastic, and vulcanisation properties of vulcanisates and a number of physicomechanical properties of their vulcanisates [8] . It was logical to assume that zinc and calcium salts of these acids can have a similar effect on the properties of the vulcanisates.
In this connection it was of interest to investigate the effect of the nature of the fatty acid hydrocarbon radical in the composition of zinc or calcium salts and the effect of the metal ion in the composition of salts of stearic and oleic acids and their mixtures on the processing and physicomechanical properties of the vulcanisates.
Individual zinc and calcium oleates and stearates were obtained by the interaction of potassium oleate or stearate with Zn or Ca salts of mineral acids in an aqueous medium.
Rubber mixes were prepared in an RL 4.5-140 laboratory internal mixer (electric motor power 25 kW). The total volume of charged ingredients amounted to 2.4 l, the mixing time was 4 min, and the rotor rotational speed was 1 s -1 (60 r/min).
The power consumption in the preparation of vulcanisates was determined from the area cut off by the diagram of change in the power consumption (the area for the control vulcanisate specimen without APAs was taken to be 100%).
The rubber mixes were vulcanised in an electric press at a temperature of 155°C for 25 min.
The salts obtained were tested as APAs in the composition of the rubber mix for the tread of high-speed radial car tyres based on butadiene-methylstyrene rubber SKMS-30ARKM-15. The dose of APAs amounted to 3 parts per 100 parts rubber.
The effectiveness of the APAs in vulcanisates was assessed primarily from their effect on the quality of mixing of the rubber and ingredients, characterised by the power consumption in the preparation of rubber mixes in an internal mixer. During the preparation of filled rubber mixes, the power consumption and torque (characterising the viscosity) change adequately.
Analysis of the graphic dependences of power consumption on the composition of the APAs (Figure 1) showed that the lowest power consumption is observed T/30 for vulcanisates using a mixture of zinc or calcium oleates and stearates with an oleate/stearate mass ratio of 60:40. When calcium salts are used, the energy consumption is lowered to a greater degree.
The results obtained in investigating the influence of the ratio of zinc and calcium oleates and stearates on the physicomechanical properties of the rubber mixes and their vulcanisates are given in Tables 1 and 2 .
As can be seen from the data given in Table 1 , the plastoelastic and rheological properties of unvulcanised rubber mixes with the use of APAs based on zinc salts of fatty acids improve by comparison with a mixture without APAs. Furthermore, the time before the start of scorching, the cohesive strength of the vulcanisates, and the tear resistance increase. The elastic strength properties of the control and trial specimens of vulcanisates are practically identical.
Practically all tested mixtures of zinc salts have a favourable effect on the properties of vulcanisates, but the optimum combination of properties is possessed by vulcanisates with a zinc stearate and oleate mass ratio of 80:20. This is most clear when comparing the viscosity of rubber mixes (Figure 2 ). (1) As can be seen from Figure 2 , the viscosity of rubber mixes with zinc salts produced with any ratio of stearic and oleate acids (curve 2) is lower than the viscosity of mixtures without APAs (curve 1). The viscosities of rubber mixes containing zinc oleate and stearate alone are identical.
Thus, the synergistic effect of a mixture of zinc and calcium salts of stearic and oleate acids in a mass ratio of 40:60 on reduction in energy consumption in the mixing of rubber mixes has been found.
To investigate the influence of the nature of the metal ion in the composition of the fatty acid salts on the properties of the vulcanisates, we synthesised individual zinc and calcium stearates and oleates, and mixtures of zinc and calcium stearates in different mass ratios were prepared, as well as mixtures of zinc and calcium oleates.
The influence of the nature of the metal ion in the composition of the salts on the power consumption in the preparation of rubber mixes at the first stage of mixing was studied similarly to the influence of the nature of the hydrocarbon radical of the salts on the property under investigation.
As can be seen from the dependence of the power consumption on the APA composition (Figure 3) , when APAs of any composition are used, the energy consumption in the preparation of vulcanisates is lower than in the case of vulcanisates without the use of APAs. It can also be pointed out that a mixture of zinc and calcium oleates is more effective than a mixture of the corresponding stearates. However, it must be noted that an increase in the content of zinc ions in the composition of salts based both on oleic and on stearic acid leads to an increase in the energy consumption.
Thus, it has been shown that, irrespective of the composition of the salt, the power consumption during mixing of vulcanisates with the use of APAs decreases. Selection of the optimum composition of APAs will be determined by its influence not only on this processing property but also on the physicomechanical properties of the vulcanisates.
Analysis of the physicomechanical properties of vulcanisates ( Table 3 ) has shown that the optimum combination of properties is possessed by vulcanisates with the use of a mixture of calcium and zinc stearates in a mass ratio of 50:50. For example, the nominal stress under 300% elongation and the nominal tensile strength have the highest values when APAs of this composition are used (Figure 4) . 
